Objectives Outcomes of atrial fibrillation (AF) in patients with severe mental disorders are largely unknown. We compared rates of stroke, fatal thromboembolic events and bleeding in patients with AF with and without mental disorders. Design Nationwide registry-based cohort study. setting Denmark (population 5.6 million), 2000-2015. Participants Patients with AF with schizophrenia (n=534), severe depression (n=400) or bipolar disease (n=569) matched 1:5 on age, sex and calendar time to patients with AF without mental disorders. Exposure Inpatient or hospital-based outpatient diagnosis of schizophrenia, severe depression or bipolar disease. Primary and secondary outcome measures HRs for stroke, fatal thromboembolic events and major bleeding comparing patients with and without mental disorders estimated by Cox regression with sequential adjustment for risk factors for stroke and bleeding, comorbidity and initiation of oral anticoagulant therapy (OAT). results Compared with matched comparisons, crude 5-year HRs of ischaemic stroke were 1.37 (95% CI 0.88 to 2.14) for schizophrenia, 1.36 (95% CI 0.89 to 2.08) for depression and 1.04 (95% CI 0.69 to 1.56) for bipolar disease. After adjusting for risk factors, comorbidity and OAT, these HRs declined towards the null. Crude HRs of fatal thromboembolic events were 3.16 (95% CI 1.78 to 5.61) for schizophrenia, 1.31 (95% CI 0.67 to 2.56) for depression and 1.53 (95% CI 0.93 to 2.53) for bipolar disease. Rates of major bleeding were increased in patients with schizophrenia (crude HR 1.37, 95% CI 0.99 to 1.90) and severe depression (HR 1.25, 95% CI 0.87 to 1.78) but not bipolar disease (HR 0.82, 95% CI 0.58 to 1.15). conclusion Patients with AF with schizophrenia or severe depression experienced increased rates of stroke and major bleeding compared with matched comparisons. This increase was largely explained by differences in the prevalence of risk factors for stroke and bleeding, comorbidity and initiation of OAT during follow-up. Patients with AF with schizophrenia further experienced higher mortality following thromboembolic events than matched comparisons without mental disorders.
IntrODuctIOn
Cardiovascular diseases are highly prevalent in patients with severe mental disorders such as schizophrenia, bipolar disease and severe depression, 1 contributing to a shorter life expectancy of 10-20 years than the general population. 2 Potential explanations include a high prevalence of cardiovascular risk factors such as smoking, dyslipidaemia, hypertension, diabetes and obesity. [3] [4] [5] In addition, antipsychotic medications may adversely affect cardiovascular disease risk via metabolic pathways involving dyslipidaemia, weight gain and diabetes. 6 7 Atrial fibrillation (AF) is the most common cardiac arrhythmia, affecting up to 1%-2% of the population in developed countries, and confers a substantial increased risk of stroke, heart failure and death. 8 Despite increasing
Atrial fibrillation in patients with severe mental disorders and the risk of stroke, fatal thromboembolic events and bleeding: a nationwide cohort study ► The study included all patients with a hospital diagnosis of atrial fibrillation in Denmark in 2000-2015. The study had complete follow-up on all participants from the nationwide Danish Civil Registration System. ► The study was conducted in a government-financed healthcare system with equal access for the entire Danish population. ► Despite equal access to tax-supported healthcare in Denmark, diagnoses in patients with mental disorders may have been under-reported. ► The study lacked data on alcohol consumption, smoking, exercise and other lifestyle-related risk factors associated with increased risk of study outcomes. We were able to adjust for hospital diagnoses of alcohol-related conditions and other lifestyle-related diseases, but cannot exclude residual confounding. ► Finally, the data did not contain information on quality and compliance with oral anticoagulant therapy.
Open Access clinical and research focus on cardiovascular diseases in patients with AF with mental disorders, the stroke risk in patients with mental disorders is largely unknown. Prior studies have shown that patients with AF with mental disorders are less likely to start oral anticoagulant therapy (OAT) than those without, 9 10 and that those who receive OAT have worse anticoagulation control 9 11 12 and increased risk of major haemorrhage. 11 13 However, these studies only assessed outcomes in patients receiving OAT for at least 100-180 days, excluding patients who never initiated therapy and those who discontinued therapy shortly after initiation. 11 13 We aimed to examine the prognostic importance of severe mental disorders in patients with AF. In a nationwide cohort of patients with incident AF, we conceived a matched cohort study to compare the risk of stroke, fatal thromboembolic events and major bleeding in patients with AF with a prior diagnosis of schizophrenia, severe depression or bipolar disease with matched comparison cohorts without these disorders. By sequentially adjusting for stroke risk factors, bleeding risk factors, comorbidity and use of OAT, we sought to further characterise the association between mental disorders and AF outcomes.
MEthODs

Data sources
This cohort study linked three well-established Danish registries nationwide: the National Patient Register, 14 the National Prescription Registry 15 and the Civil Registration System. 16 The National Patient Register holds information on dates of admission and discharge, and discharge diagnoses classified according to the International Classification of Diseases for more than 99% of hospital admissions in Denmark. The National Prescription Registry contains data on all prescription purchases by Danish residents since 1995. Data include patients' civil registration number, date of dispensing, and type and quantity of drug prescribed. The Danish Person Registry holds data on sex, date of birth, vital and emigration status. Online supplementary table 1 provides information on codes for all diagnoses and medications. The registries were linked using the unique personal civil registration number assigned to all Danish residents, allowing a true population-based study covering all 5.6 million inhabitants of Denmark during the study period. We performed all linkages within Statistics Denmark, a governmental institution that collects and processes information for statistical and scientific purposes. 17 
study population
We established a cohort of all patients with incident non-valvular AF, defining non-valvular AF as the presence of AF, and baseline absence of mitral stenosis or mechanical heart valves. Specifically, we identified all patients discharged with a first hospital diagnosis of non-valvular AF between 2000 and 2015. To ensure sufficient clinical record history for treatment and diagnoses, we excluded patients who had not been residents in Denmark for at least 1 year before date of AF diagnosis (index date). We further excluded patients with valvular AF; patients who died on the day of AF diagnosis; and patients with a fatal thromboembolic event defined as death within the following 30 days of ischaemic stroke, systemic embolism, pulmonary embolism or myocardial infarction before AF diagnosis (online supplementary figure 1 ). The positive predictive value (PPV) of an AF diagnosis in the National Patient Register is 95% (95% CI 89 to 98). 18 Exposure Through the National Patient Register, we identified all patients in the study population with an inpatient or outpatient diagnosis of schizophrenia, bipolar disease or severe depression before the index date. In Denmark, these mental disorders are primarily treated in public hospitals ensuring a high coverage of contacts with psychiatric disorders. The PPV of a diagnosis of mental disorders in the National Patient Register is 98% (95% CI 90 to 99). 18 To control for confounding by reducing imbalance in the data and thereby model dependence and bias, we used coarsened exact matching to produce a one-to-five match of patients with schizophrenia, severe depression or bipolar disease on age, sex and calendar time (year of index date) to comparison cohorts of patients with AF without mental disorders. 19 Patients' age was grouped in approximately 5-year intervals based on the statistical software package Stata V.14 function cem's algorithm for automatic coarsening. 20 To evaluate the effect of matching on the balance between baseline variables, we estimated the absolute standardised differences before and after matching.
Patient characteristics
Baseline comorbidity was defined according to medication claims within the year before the AF diagnosis and/ or history of primary or secondary hospital discharge diagnoses (excluding emergency room diagnoses) since 1994. Comorbidity information included cardiovascular and metabolic diseases, and lifestyle-related diseases (eg, alcohol-related diseases such as alcoholic liver disease, and alcoholic polyneuropathy, cardiomyopathy, gastritis or myopathy, and alcohol-induced pancreatitis). We further combined baseline information into the CHA 2 DS 2 -VASc stroke risk score (congestive heart failure; hypertension; age ≥75 years; diabetes mellitus; prior stroke, transient ischemic attack or thromboembolism; vascular disease, age 65-74 years; female sex) 21 to summarise perceived stroke risk at baseline, and the hypertension; abnormal renal function; abnormal hepatic function; prior stroke; bleeding; labile INR (not included); elderly age (aspirin, clopidogrel or non-steroidal anti-inflammatory drugs; alcohol intake (HAS-BLED score) 22 as a measure of bleeding risk at baseline (see score definitions in online supplementary table 2).
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Outcomes Study outcomes were ischaemic stroke, fatal thromboembolic events of ischaemic stroke, systemic embolism, pulmonary embolism or myocardial infarction (as defined above), and major bleeding events recorded as intracranial, gastrointestinal, and major bleeding in various anatomical positions and reported in total as 'any bleeding'. We derived all outcomes from hospital diagnoses in the National Patient Register. Stroke diagnoses were required to be primary in-hospital codes, excluding emergency room and ambulatory diagnoses, to ensure higher validity.
statistical analyses
We followed all patients from their AF diagnosis and up to 5 years after baseline. Follow-up was censored at time of death, migration, study end (31 December 2015) or the outcome of interest, whichever came first. Patient baseline characteristics were presented as proportions for discrete variables and means with SD for continuous variables. Crude incidence rates were calculated as the number of events divided by person-time. Cumulative incidence functions (by means of the Aalen-Johansen estimator), assuming death as competing risk, were used to depict risk of outcome during follow-up. We assessed the association between each mental disorder and study outcome using Cox proportional hazard regression with stratification on the matched groups. To assess to which extent the observed association could be explained by comorbidity and/or use of OAT, we performed sequential cumulative adjustment for (1) stroke risk and bleeding risk as summarised by the components of the CHA 2 DS 2 -VASc and HAS-BLED scores , and comorbidities not included in CHA 2 DS 2 -VASc and HAS-BLED (chronic pulmonary disease, cancer and venous thromboembolism); and (2) use of OAT during follow-up, modelled as a timevarying covariate shifting from untreated to treated status at first observed prescription of any oral anticoagulant (OAC) treatment. We excluded age and sex in the CHA 2 DS 2 -VASc and HAS-BLED scores as these were included as matching factors and perfectly balanced between comparison cohorts (online supplementary table 3). The distribution of time to OAC treatment initiation was presented by cumulative incidence curves (online supplementary figure 2). Point estimates were reported with 95% CIs and a p value less than 0.05 was considered statistically significant.
rEsults
We identified 260 974 patients with AF during the study period. After exclusions, the study cohort comprised 253 741 patients with AF, of whom 534 patients had schizophrenia, 400 had severe depression and 569 had bipolar disease (online supplementary figure 1). Table 1 shows baseline characteristics according to the presence and type of mental disorder. Patients with AF with schizophrenia were substantially younger (mean age 64.5 years), whereas the age of patients with severe depression (73.7 years) and bipolar disease (73.0 years) was comparable with patients without mental disorders (73.3 years). Baseline stroke risk appeared lower in patients with schizophrenia; the mean CHA 2 DS 2 -VASc score was 2.5 vs 3.1 in patients without mental disorders. However, this was explained by the lower age of patients with schizophrenia. The CHA 2 DS 2 -VASc score was 3.6 in patients with severe depression and 3.3 in patients with bipolar disease (table 1). The higher CHA 2 DS 2 -VASc score in patients with severe depression was primarily driven by a large proportion of women (61.8% vs 46.7% in comparisons) and patients with prior stroke (30.3% vs 16.9%). In comparison, 14.2% of patients with schizophrenia had prior stroke; they also had lower prevalence of hypertension, myocardial infarction and peripheral arterial disease. Compared with patients with no mental disorder, the HAS-BLED score was also higher in patients with severe depression and bipolar disease, whereas it was lower in patients with schizophrenia. Alcohol-related diseases were prevalent across all mental disorders, particularly for patients with schizophrenia or bipolar disease (~20% vs 4% in comparisons). Online supplementary table 3 shows the characteristics of patients with schizophrenia, severe depression and bipolar disease and their matched comparisons. After matching, the mean CHA 2 DS 2 -VASc score was 2.3 in patients with AF without schizophrenia (online supplementary table 3). Figure 1 displays cumulative incidence curves for ischaemic stroke in the matched cohorts. The rate of ischaemic stroke at 5 years was 1.96 events per 100 person-years in patients with AF with schizophrenia vs 1.30 in matched comparisons (table 2) , yielding a crude HR of 1.37 (95% CI 0.88 to 2.14) with CIs including unity (figure 2). After adjustment for stroke risk as summarised by the CHA 2 DS 2 -VASc and HAS-BLED scores and other comorbidities, this HR was 1.29 (95% CI 0.81 to 2.07) (figure 2). The rate of OAT initiation in patients with AF with mental disorders was substantially lower than in matched comparisons (online supplementary figure 2), and after additional adjustment for OAT use during follow-up the HR of ischaemic stroke was 1.16 (95% CI 0.72 to 1.87) (figure 2). At 5 years the rate of ischaemic stroke was 2.74 per 100 person-years in patients with severe depression vs 1.93 in matched comparisons (crude HR 1.36, 95% CI 0.89 to 2.08). Similar to patients with schizophrenia, the crude HR was substantially attenuated by sequential adjustment for stroke risk factors, comorbidity and OAT (HR 1.01, 95% CI 0.64 to 1.58) (figure 2). This pattern of diminishing HRs with sequential adjustment for stroke risk factors and OAT was also evident in patients with bipolar disease in whom the crude HR was 1.04 (95% CI 0.69 to 1.56) and the fully adjusted HR was 0.85 (95% CI 0.55 to 1.29). Thus, compared with patients with AF without mental disorders, the fully adjusted HRs indicated comparable HRs of ischaemic stroke across all mental disorders with wide CIs that crossed unity (figure 2). 
Ischaemic stroke
Fatal thromboembolic events
During the 5-year follow-up, 19 fatal thromboembolic events occurred in patients with AF with schizophrenia, 11 in patients with severe depression and 20 in patients with bipolar disease. Accordingly, the rate of fatal thromboembolic events per 100 person-years was substantially lower than the rate of ischaemic stroke: 1.43 for schizophrenia vs 0.52 in matched comparisons, 1.03 vs 0.82 Open Access Figure 1 Cumulative incidence of ischaemic stroke in patients with atrial fibrillation and mental disorders and matched patients with atrial fibrillation without mental disorders. Rates are calculated as the number of events divided by person-time per 100 years.
for severe depression, and 1.41 vs 0.83 for patients with bipolar disease (table 2) . Notwithstanding, due to the low rate in the matched comparisons, cumulative incidence curves revealed distinct differences in rates of fatal thromboembolic events in patients with schizophrenia versus matched comparisons (figure 3) and to a lesser extent in patients with bipolar disease. 
Major bleeding
The cumulative incidence curves showed higher rates of major bleeding in patients with schizophrenia and severe depression compared with their matched comparisons, whereas the curves for patients with bipolar disease overlapped with the comparisons (figure 4). figure 2 ). Sequential adjustment for the components of the CHA 2 DS 2 -VASc and HAS-BLED scores (including use of aspirin, non-steroidal anti-inflammatory drugs and clopidogrel at baseline) and use of OAT attenuated the association in patients with schizophrenia and severe depression (figure 2).
DIscussIOn
Principal findings
This nationwide cohort study revealed a low prevalence of severe mental disorders among patients with incident AF in Denmark. Patients with schizophrenia or severe depression experienced higher risk of ischaemic stroke and major bleeding compared with matched patients with AF without mental disorders, although the differences were not statistically significant. However, after sequential adjustment for stroke and bleeding risk factors, comorbidity and use of OAT, hazard rates were comparable with matched comparisons, suggesting that the excess risk in patients with schizophrenia and severe depression derived from higher prevalence of risk factors for stroke and bleeding and differences in use of OAT. In comparison, bipolar disease was not associated with higher risk of stroke and bleeding both before and after adjustment. Few thromboembolic events occurred during follow-up. Nonetheless, we noted a substantially higher mortality after a thromboembolic event in patients with schizophrenia than in matched comparisons.
strengths and limitations
These estimates of stroke risk and thromboembolic events in patients with AF are based on a nationwide cohort study conducted in a setting where virtually all medical care is provided free of charge, and with complete follow-up through nationwide registries. Nonetheless, despite universal tax-supported healthcare in Denmark, diagnoses in patients with mental disorders may have been under-reported. 23 24 From the current study, we are not able to conclude whether the low prevalence of patients with AF with mental disorders reflects the true picture or whether AF may be underdiagnosed in these patients. Likewise, we cannot exclude a possibility for differential misclassification of study outcomes, if stroke and thromboembolic events were underdiagnosed in patients with severe mental disorders. Such misclassification would bias our estimates towards the null. Furthermore, we included only patients with mental disorders recorded in the hospital register, and the prevalence is likely underestimated, mainly with regard to severe depression. However, we infer that the majority of patients with schizophrenia and bipolar disease are in contact with the psychiatric hospital system due the severity of these conditions. It is also important to note that we only had information on psychiatric admissions from 1995 onwards. Thus, patients with a diagnosis before 1995 and no recorded diagnosis thereafter would not be included in the exposed cohort. Lack of data on alcohol, smoking, exercise and other lifestyle-related risk factors associated with increased risk of study outcomes is another limitation. We were able to Open Access adjust for hospital diagnoses of alcohol-related conditions and many other lifestyle-related diseases, including chronic pulmonary disease, diabetes, liver disease, cardiovascular disease and cancer, which were more prevalent among patients with mental disorders. Nonetheless, incomplete control for these factors likely leads to residual confounding, for example, bleeding risk due to alcohol abuse. 25 26 Likewise, we did not assess the association between antipsychotic medications and stroke risk in this study. Finally, use of OAT was determined based on prescription redemption, which may be a limitation, as some patients may not take their medications. Our data did not contain information on the quality and compliance with OAT, which may be lower among patients with mental disorders due to cognitive limitations and maladaptive behaviours. 27 comparison with other studies Our findings are concordant with two prior studies on outcomes of patients with AF with mental disorders receiving warfarin. 11 13 In a US cohort study of 9345 Medicaid recipients receiving two or more warfarin prescriptions less than 100 days apart, Schauer et al 13 demonstrated HRs of 1.36 (95% CI 1.06 to 1.74) for ischaemic stroke in patients with mental disorders compared with patients without. In another US cohort study, Paradise et al 11 showed that mental disorders were associated with an increased risk of major bleeding (HR 1.19, 95% CI 1.11 to 1.27) in patients with any mental disorder versus propensity matched comparisons in 103 897 patients receiving warfarin for at least 6 months through the Veterans Health Administration. Both studies only included patients who were considered appropriate for OAT and who actually received it and remained successful on treatment for an extended period. Thus, these results may not reflect stroke risk in all patients with mental disorders.
Our findings expand prior studies by including all patients with AF regardless of OAT use. We saw a noticeable lower rate of OAT initiation in patients with mental disorders compared with matched comparisons, which is in line with prior studies showing that patients with AF with mental disorders are less likely to receive OAT. 9 10 Schmitt et al 10 found that patients with AF with mental disorders had a higher prevalence of stroke risk factors and contraindications to OAT. Thus, lower treatment rates in patients with mental disorders may reflect appropriate attention to bleeding risk. On the other hand, when restricting to patients eligible for OAT, patients with mental disorders remained less likely to receive OAT. 10 As the higher stroke rates in our study appeared to be due to differences in stroke risk factors, comorbidity and receipt of OAT, any disparities in the care of patients with AF with mental disorders require close attention. Other studies have shown that patients with mental disorders have worse OAT control. 9 11 12 Walker et al 9 found that when prescribed warfarin, patients with AF with mental disorders were substantially more likely to have highly supratherapeutic international normalised ratio (INR) values than those without mental disorders (27.3% vs 1.6% had at least one INR measurement above 5.0). However, this assessment was based on a subcohort of only 84 patients with AF and should be interpreted with caution.
The higher mortality within the 30 days following a thromboembolic event in patients with schizophrenia is a concern and emphasises the need for vigilant follow-up in this patient population. The finding is in line with prior studies reporting increased cardiac mortality in patients with schizophrenia. 24 28 Future studies are encouraged to explore potential reasons, which are likely multifactorial and may entail both severity of illness, comorbidity, quality of care and factors beyond patient care. 29 
cOnclusIOns
In conclusion, this study showed that patients with AF with schizophrenia or severe depression were at increased risk of ischaemic stroke and major bleeding. However, the fully adjusted hazard rates were comparable with matched comparisons, indicating that the excess risk is due to a higher prevalence of risk factors for stroke and bleeding and lower use of OAT in patients with mental disorders. In comparison, rates were not increased in patients with bipolar disease. Patients with schizophrenia further experienced higher mortality following a thromboembolic event than matched comparisons. These findings highlight the importance of close attention to stroke and bleeding risk factors and potential disparities in receipt of OAT in patients with AF with mental disorders. Our findings also identify challenges in the management of patients with AF with mental disorders; the excess burden of stroke risk factors signifies the need for stroke prevention, whereas the higher rates of major bleeding emphasise that cautious assessment of bleeding risk and quality of OAT may be particularly pertinent in these patients. In this respect, our findings indicate a need for optimised coordination and collaboration between general somatic and mental health services.
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